Introduction {#Sec1}
============

Adverse selection, in the context of health insurance, refers to the phenomenon that individuals who anticipate higher health care expenditures are more likely to purchase health insurance or a more extensive coverage (Doiron et al. [@CR7]). A test for the presence of adverse selection is whether people with a higher health risk (e.g. because they smoke) choose for more comprehensive health insurance coverage. However, a reverse effect is also possible which is termed as ex-ante moral hazard. This refers to a situation where a comprehensive health insurance scheme creates an incentive for engaging in unhealthy behaviours such as smoking. Thus, the observed correlation between health insurance and health risk can be a composite of both the adverse selection and the moral hazard effect.

Several authors have tested the adverse selection hypothesis by using unhealthy behaviour like smoking as an indicator for health risk. But their conclusions contradict the adverse selection explanation. For instance, studies by Hopkins and Kidd ([@CR10]), Barrett and Conlon ([@CR1]) and Doiron et al. ([@CR7]) show that in Australia smokers are less likely to buy private health insurance. Doiron et al. ([@CR7]) provide evidence that engaging in risky behaviour is positively correlated with being in worse health. They conclude that the decision to buy private health insurance is more affected by other factors such as risk aversion, income or socioeconomic status than adverse selection. In other words, high risk aversion jointly determines the decision to buy private health insurance and the decision not to engage in high risk health-related behaviour like smoking. At the same time, it is argued that smokers might behave in a myopic manner, implying that they tend to ignore the future consequence of their current consumption (Becker et al. [@CR2]). As a result, these individuals do not consider costs incurred in the future and therefore do not buy a (more extensive coverage in) health insurance. A recent study by Lambert et al. ([@CR13]) among the elderly in Europe using SHARE dataset exploit a different health risk indicator to track any evidence of adverse selection between health risk and health care cost coverage (Lambert et al. [@CR13]). They use the number of long term spells of ill health in the past as a health risk indicator. Their study shows no evidence of adverse selection in health insurance among European elderly people.

All above mentioned studies on adverse selection are correlational studies which fail to identify a casual effect. Moreover, the methodological techniques that are used in those studies could not appropriately address the endogeneity of smoking behaviour. In this study, however, we use an instrumental variable strategy (IV) to deal with this simultaneous causality bias and to identify a causal effect. We postulate that smoking is perceived as a health risk by individuals, and potentially affect their health care cost coverage along with other factors like age, gender, education, economic status, and health status. To our knowledge, this is the first study which uses IV to examine the causal effect of smoking on perceived health care cost coverage (i.e. the adverse selection perspective).

Also, most empirical evidence about the relationship between unhealthy behaviour (e.g. smoking) and health insurance is limited to one country (Barrett and Conlon [@CR1]; Doiron et al. [@CR7]; Hopkins and Kidd [@CR10]). Hence, their results may not be generalized to other countries. However, this study uses data from the Survey of Health, Aging, and Retirement in Europe (SHARE) which allows for a comparison across European countries included in SHARE. This way, we are able to explore the extent to which the context of each country is related to the adverse selection effect. The work of Lambert et al. ([@CR13]), which has also exploited SHARE data, uses a different health risk indicator (namely the number of long term spells of ill health in the past). Thus, our study can explore how a different health risk indicator (namely daily smoking) can make a difference.

Health care cost coverage is a broader concept than health insurance coverage. The latter is just one way of offering health care cost coverage. Health care coverage can have three dimensions: breadth, the proportion of the population covered by the health care system; scope, the generosity of the benefit package (the services/goods covered); and depth, the level of coverage (the proportion of cost covered) (Teutsch and Rechel [@CR20]). The institutional arrangements regarding the above dimensions vary between countries. The following background section provides detailed information on specific institutional arrangements regarding health care cost coverage in European countries. It shows that out of specific institutional arrangement in each country, in most cases, full coverage is likely to be offered at the individuals' discretion. This means that individuals can decide themselves whether or not to have full health care cost coverage. This is the main assumption we are making and analysing here.

Background {#Sec2}
==========

Health coverage and financial arrangements are fundamental characteristics of a health system. The WHO has called for universal coverage to assure access to health care for everyone in need (WHO [@CR22]). We use the results of an OECD survey on health system characteristics (Paris et al. [@CR16]) to outline the three dimensions of health care cost coverage among the countries that we study (Table [1](#Tab1){ref-type="table"}).Table 1Characteristics of basic primary health coverage.*Source* Composed by the authors based on information provided in Paris et al. ([@CR16])CountryTypes of basic primary health coverage (% of population)The basic health coverage is provided by/consumer's choice of insurer if multiple insurer are involvedPrivate health insurance (% of population)Coverage(%) of health services by basic primary health coverageBasic health care cost coverage scoreAutomaticCompulsoryVoluntaryDuplicateComplementarySupplementaryAcute inpatient careOutpatient primary physician contactOutpatient specialist contactPharmaceuticalsAustria098.70Multiple insurers/no033.333.376--9910010076--9914Belgium0990Common health insurance scheme077.477.476--9976--9976--9976--9912Czech Republic01000Multiple insurers/yes00076--9976--9976--9951--7511Denmark10000Local health services015.515.510010010051--7514France2.597.50Multiple insurers/no0929276--9951--5751--5751--759Germany0.583.315.2Multiple insurers/yes017.517.510076--9976--9976--9913Greece01000Multiple insurers/no80076--9976--9976--9976--9912Italy10000National health services15.60010010076--9910015Netherlands01000Multiple insurers/yes009210010010010016Poland0990Common health insurance scheme2.60010010010051--7514Spain10000Local health services10.30010010010076--9915Switzerland01000Multiple insurers/yes0029.510076-9976--9976--9913

As depicted in Table [1](#Tab1){ref-type="table"}, nearly all residents in the countries included in our study are covered by a basic scheme. This coverage is provided either automatically (Denmark, Italy, Spain) or compulsorily (in other countries). Germany is an exception in the way that high-income people can voluntarily choose a private health insurance instead of social insurance for their basic coverage. Automatic coverage is provided by national (Italy) or local health services (Denmark, Spain) which are financed from taxes. Social health insurance schemes which are financed through income-related social contributions usually provide compulsory coverage but in a slightly different ways across the countries. For instance, in Belgium and Poland there is only one health insurance scheme, while in the other countries there are multiple insurers. In some of these countries, people are allowed to choose their insurer (Czech Republic, Germany, the Netherlands, Switzerland) while in others, there is no choice of insurer, and nevertheless there are multiple insurers (Austria, France, Greece). In the Netherlands and Switzerland, health insurance is compulsory for all, but individuals pay community-rated premiums to private health insurance funds.

Most countries guarantee a high level of coverage particularly for acute inpatient and outpatient (primary physician and specialist contact). France is singular in that it covers only 60% of outpatient physician services. Pharmaceuticals are typically covered at lower levels in most countries except in the Netherlands and Italy where they are fully covered. In order to compare coverage between countries, using the OECD data, we create an indicator based on the level of coverage for the above mentioned services. We assign codes 4 to 1 to the level of coverage 100, 76--99, 51--75 and 50% or less respectively (as defined in the OECD survey). Thus, a country gets a number of 16 if it fully covers the four health care services mentioned in Table [1](#Tab1){ref-type="table"}. These results are presented in the last column of Table [1](#Tab1){ref-type="table"}. For instance, according to this indicator, we can see that the highest coverage is provided in the Netherlands followed by Spain. In contrast, the lowest coverage is being provided in France. However, it is worth noting that this indicator provides information only about the basic health care cost coverage.

Almost all countries in our study also have institutional arrangements for private health insurance as a secondary source of coverage. Private health insurance can be complementary (covering the user fees), supplementary (increasing the benefit package) or duplicative (providing a quicker access to health care services). As depicted in Table [1](#Tab1){ref-type="table"}, complementary private health insurance plays a prominent role in France, filling the gap in coverage for outpatient primary physician and specialist contacts. Supplementary private health insurance is held by 92% of people in the Netherlands. The Czech Republic and Greece report a zero proportion of their population having either complementary or supplementary private health insurance, while 8% of the Greek citizens obtain duplicate private health insurance.

Methods {#Sec3}
=======

Data and study sample {#Sec4}
---------------------

The Survey on Health and Retirement in Europe (SHARE) is a multidisciplinary and cross-national panel dataset with micro-level data on health, socioeconomic status as well as social and family networks. It is based on nationally representative samples of more than 85,000 individuals aged 50 or over in Europe (SHARE [@CR19]). The SHARE baseline study was conducted in 11 countries in 2004, followed by a second wave in 2006 in 14 countries. The third wave of the survey, SHARELIFE, which was conducted in 2008--2009, only collected detailed retrospective data on life histories in 13 countries. A fourth wave (comparable to wave 1 and 2) has been performed in 2011 in 19 countries. In this study, we use data from the second wave (release 2.5.0) of SHARE. We could not include the first and the fourth waves of the SHARE data because the questions regarding health insurance coverage that we use in our analysis either have not been asked (first wave) or have been asked in a different way (by self-administered questionnaire instead of asking by an interviewer in fourth wave). As noted earlier, the third wave does not provide any information relevant to our analysis.

In total, 14 countries are included in the SHARE wave 2, namely; Austria, Germany, Sweden, Netherlands, Spain, Italy, France, Denmark, Greece, Switzerland, Belgium, Czech Republic, Poland, and Ireland. We had to exclude Ireland and Sweden from our study because the imputed variables for annual household net income generated by SHARE were not available for Ireland and the number of missing value for perceived health care cost coverage was considerable in Sweden. Thus, overall, our sample consists of 30,536 individuals from 12 countries.

Perceived health care cost coverage variables {#Sec5}
---------------------------------------------

In wave 2, the SHARE respondents are asked about their health care cost coverage. In order to measure the individual's health care cost coverage, the interviewer is instructed to name different types of health care services ranging from visiting a general practitioner to nursing care at home in case of chronic diseases or disability. Then, the interviewer asks each individual to identify who finally pays for these services by choosing one option from the following four options: 1 = entirely paid by respondent, 2 = mostly paid by respondent, 3 = mostly paid, or reimbursed by social insurance and/or respondent's health insurance, and 4 = entirely paid, or reimbursed by social insurance and/or respondent's health insurance. For each respondent, we sum up the codes of the response options indicated by the respondent for each service (medical visit to general practitioner, medical visit to specialist when prescribed by general practitioner, prescribed drug, and hospitalization in public hospital) to create a variable indicating the extent of self-assessed perceived health care cost coverage. This variable ranges from 4 for those who entirely have to pay for the above mentioned services themselves to 16 for those who will get fully reimbursed by their social insurance or/and their own health insurance. It should be noted that this variable provides a self-assessment of the extent of the health care cost coverage which might not correspond to the actual coverage. However, in order to affect individuals' behaviours, the coverage assessed by the individuals is likely to matter more than the actual coverage. Therefore, it is suitable for our analysis. As mentioned earlier, in wave four, the same questions as in the second wave are asked about the health care cost coverage but by means of a self-administered questionnaire. Thus, we could not include this wave both because of the large number of missing values, and because of the inconsistency in data collection compared with the second wave.

Analytical methods {#Sec6}
------------------

The IV estimation in our study uses daily smoking as the endogenous variable. The IV approach involves finding at least one exogenous observable variable (called the instrument) that is highly correlated with the endogenous variable but is not correlated with the error term of the outcome equation (perceived health care cost coverage). In our study, self-assessed perceived health care costs coverage is the outcome variable. The IV estimation consists of a two-step process. First, the endogenous variable is run against all covariates including the instrument. Then, the predicted value of the endogenous variable-instead of the actual value- is used in the second stage. Because our variable of interest for daily smoking is binary (yes/no), using a linear model in the first stage is not appropriate. Thus, we fit a treatment-effect model using full maximum likelihood which estimates two regressions simultaneously. The first equation is estimated using probit regression to predict the probability of daily smoking. The second is a linear regression for perceived health care cost coverage. The two error terms are assumed to be jointly normally distributed. More details about the specification of a treatment-effect model can be found in Cameron and Trivedi ([@CR3]) and Khandker et al. ([@CR12]).
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Identification strategy {#Sec7}
-----------------------

According to the health capital model, smoking can be considered as a negative investment in health capital. However, the model does not account for the fact that this decision is not made in isolation. Peer effects in health behaviour have been investigated in a rapidly growing empirical literature (Cawley and Ruhm [@CR4]). In particular, there is a large body of evidence on concordant health behaviours among couples (Graham and Braun [@CR8]; Meyler et al. [@CR14]). One study shows that a partner who smokes influences the other's smoking behaviour. This study has also found more support for husband's influence than the wife's influence (Homish and Leonard [@CR9]). Another study has reported that smoking cessation by a spouse decreases the other one's chance of smoking by 67%, while the smoking cessation by a sibling decreases the chances only by 25% (Christakis and Fowler [@CR5]). Thus, not only social ties but also the nature of social ties may play a role in smoking behaviour. Given these facts, two instrumental dummy variables are created: whether the spouse or partner is a daily smoker for those who are living with a partner, and whether there is any other daily smoker in the household (aside from the respondent him/herself) for those who do not live with a partner. By the term "with a partner" we refer to both legally married couples and those who live together. It is expected that these variables are correlated with smoking behaviour but they are not correlated with perceived health care cost coverage (we test whether this assumption is correct). The following part explains different methods used to test the quality of instruments.

Instrument validity and relevance {#Sec8}
---------------------------------

An instrumental variable must be relevant, meaning that it should have a strong association with the endogenous variable. A weak instrument is only marginally relevant and explains little of the variation in the endogenous variable. This can be tested by obtaining the F statistics of the instrument in the first stage regression. The widely used rule of thumb considers an F statistics of more than 10 as indicating a strong enough instrument (Cameron and Trivedi [@CR3]). As in our analysis the first stage regression is a probit regression, we present the corresponding chi square test instead of the F test in the first column of Table [2](#Tab2){ref-type="table"}. These test statistics are considerably larger than 10 in all models.Table 2Instrument quality tests.*Source* Authors' analysis of SHARE wave 2ModelFemalesMales123123Living with partner401.740.03$\documentclass[12pt]{minimal}
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An instrument must be valid too, meaning that it should not be correlated with the error term in the equation of interest. This condition is not possible to test in a just identified model, such as our model, and should be judged based on information that is extraneous to the data (Morgan and Winship [@CR15]; Rose and Stone [@CR17]). However, as done by Trostel et al. ([@CR21]), we conduct a F test of the effect of the instrument on the perceived health care cost coverage residual to ensure that the instruments are not directly correlated with the perceived health care cost coverage once the other exogenous variables are included. These are reported in the second column of Table [2](#Tab2){ref-type="table"}. As can be seen, these tests do not appear statistically significant in all models which implies no correlation between the residuals and the instrument. In order to get more insight, we also report the Spearman correlation coefficient between perceived health care cost coverage and our instruments. As depicted in the third column of Table [2](#Tab2){ref-type="table"}, the correlation coefficients are either zero or very close to zero in all models which indicates no or very weak correlation between the perceived health care cost coverage and our instrument.Table 3Descriptive statistics.*Source* Authors' analysis of data from SHARE wave 2Austria mean (SD) NBelgium mean (SD) NCzech Republic mean (SD) NDenmark mean (SD) NFrance mean (SD) NGermany mean (SD) NGreece mean (SD) NItaly mean (SD) NNetherlands mean (SD) NPoland mean (SD) NSpain mean (SD) NSwitzerland mean (SD) NTotal mean (SD) NDaily smoking0.150.170.210.270.140.170.290.170.220.260.150.190.20   Yes $\documentclass[12pt]{minimal}
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Exogenous variables {#Sec9}
-------------------

We also include other exogenous variables in the models. These include age, education, self-perceived health, and a dummy variable indicating the Global Activity Limitation Index (GALI). Table [3](#Tab3){ref-type="table"} shows all explanatory variables and their coding. For income, we use the variable generated in the SHARE dataset for household annual net income. The SHARE dataset provides five imputed values for each missing household annual net income (SHARE [@CR18]). We use the median of these five values. The income variable is then adjusted based on purchasing power parity in 2005 in Germany. The logarithmic function of the adjusted value is used as our explanatory variable for income. For education, we use a continuous variable indicating years of education. We include two variables to proxy health status. The first is a self-rated question indicating self-perceived health ranging from poor to excellent. The second is a dummy variable indicating each individual's limitation on activity because of a health problem \[the so-called GALI (Jagger et al. [@CR11])\]. Country dummies (with reference to the Netherlands) are also included to account for contextual factors of each country. However, in order to check the robustness of the results, a per-country analysis is also performed for each model.

Results {#Sec10}
=======

Descriptive statistics {#Sec11}
----------------------

As depicted in Table [3](#Tab3){ref-type="table"}, on average, 20% of the respondents in our sample are a daily smoker. Greece and France have the highest and the lowest prevalence of daily smokers (29 and 14%), respectively. With regard to perceived health care cost coverage, the Netherlands followed by Spain provide the most generous coverage (similar to our estimations based on OECD data, see Table [1](#Tab1){ref-type="table"}). Regarding demographic factors, on average, our sample is at the age of 65, 44% is men and 72% is living with a spouse or a partner and 19% is living alone. As expected, the socioeconomic factors vary among the countries included. Annual household net income, adjusted for purchasing power parity, in Poland (11,577 Euro) is almost a quarter of the annual household net income in Switzerland (42,371 Euro). There is also a large difference between countries with regard to the level of education. While respondents in Spain, on average, report 7 years of education, those who live in Germany, report nearly 12.5 years of education. With regard to self-perceived health status, Swiss and Danish people have the highest perceived health status, while the Polish self-rate their health status, on average, as fair on a scale from poor to excellent.

Perceived health care cost coverage and daily smoking {#Sec12}
-----------------------------------------------------

As noted in the method section, based on marital status, we use two variables to instrument smoking, that is; whether the partner smokes for those who live with a partner (our first model) and whether another household member smokes for those who live without a partner (our second model). For each model, a gender stratified analysis is performed. All results should be interpreted taking into account the fact that our sample primarily consists of individuals aged 50 or over.Table 4IV and OLS estimates.*Source* Authors' analysis of SHARE wave 2Model: treatment effectSecond stage regressionFirst stage regressionLiving with partnerLiving without partnerLiving with partnerLiving without partnerFemaleMaleFemaleMaleFemaleMaleFemaleMaleDependent variablePerceived health care cost coverageDaily smokingInstrumental variables   If partner smoker0.691\*\*\*0.733\*\*\*(0.035)(0.038)   If Other household member smoker0.322\*\*0.269\*\*(0.103)(0.103)Instrumented variable  Daily smoking0.128$\documentclass[12pt]{minimal}
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As depicted in the left part of Table [4](#Tab4){ref-type="table"} (i.e. second stage regression), the effect of smoking on perceived health care cost coverage is not statistically significant for individuals who live with a partner. However, for those who live without a partner, smoking has a negative impact on perceived health care cost coverage, that is being a daily smoker decreases perceived health care cost coverage by 2.15 and 2.33 units for women and men, respectively. For a comparison, the results of regressing perceived health care cost coverage on daily smoking using OLS estimation show coefficients that are not statistically significant (see Table [4](#Tab4){ref-type="table"}).Table 5IV estimates per country.*Source* Authors' analysis of SHARE wave 2Female with partnerMale with partnerFemale without partnerMale without partnerStage of regressionSecondFirstSecondFirstSecondFirstSecondFirstDependent variableHealth cost coverageDaily smokingHealth cost coverageDaily smokingHealth cost coverageDaily smokingHealth cost coverageDaily smokingIndependent variablesmokeIf partner smokersmokeIf partner smokersmokeIf other household member smokersmokeIf other household member smokerAustria1.1411.003\*\*\*$\documentclass[12pt]{minimal}
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However, we observe some difference across the countries based on the results from our analysis per country (see Table [5](#Tab5){ref-type="table"}) when compared with the above all-countries results (see Table [4](#Tab4){ref-type="table"}). The first column of Table [5](#Tab5){ref-type="table"} shows for each group the IV estimates of the effect of daily smoking on perceived health care cost coverage per country. As noted earlier, the average effect of smoking on perceived health care cost coverage among women who live with a partner is not statistically significant in the all-countries model (Table [4](#Tab4){ref-type="table"}). However, as reflected in Table [5](#Tab5){ref-type="table"}, daily smoking has a negative effect on perceived health care cost coverage among women living with a partner in the Netherlands and Czech Republic. For men living with a partner, the findings show a considerable negative effect of smoking on perceived health care cost coverage in Spain, Italy, France, Denmark, and Czech Republic (Table [5](#Tab5){ref-type="table"}), while at the same time the average effect of smoking in the all-countries model is not statistically significant (Table [4](#Tab4){ref-type="table"}). Among those who live without a partner, our results show an overall negative effect of smoking on perceived health care cost coverage for both men and women (Table [4](#Tab4){ref-type="table"}). However, referring to the country specific results, we see a positive effect for women in Poland and for men in Switzerland (Table [5](#Tab5){ref-type="table"}).

With reference to country specific results (Table [5](#Tab5){ref-type="table"}), having a smoker as a partner is associated with daily smoking among women in all countries, although the size of effect is not the same across different countries. The same also applies for men in all countries except Spain where the partner's smoking behaviour seemingly has no effect on men's smoking behaviour. With regard to the effect of having any other daily smoker in the household on the smoking behaviour of women without a partner, the results appear statistically significant in fewer countries (i.e. Germany, Denmark, and Czech Republic). It is also the case for men without a partner in Germany, Denmark, Switzerland, and Czech Republic who are more likely to be a daily smoker if there is another smoker in the household.

Discussion {#Sec13}
==========

Perceived health care cost coverage and smoking behaviour {#Sec14}
---------------------------------------------------------

In this study, we use an IV strategy to investigate the effect of daily smoking on perceived health care cost coverage of the elderly (aged 50+) in 12 European countries. Our findings show that smoking has a negative effect on self-assessed perceived health care cost coverage but only among those who live without a partner. For those who live with a partner (72% of the sample), our results are not statistically significant, which means there is no effect of smoking on perceived health care cost coverage. Overall, regarding the effect of smoking on perceived health care cost coverage; we either have no effect or an effect which is not compatible with adverse selection interpretation. Since among those (men and women) who live without a partner, smoking decreases self-assessed perceived health care cost coverage. It should be emphasized again that our variable of interest for perceived health care cost coverage is a self-assessment of the coverage (i.e. what individuals perceive as health coverage they would have when seeking health care services), and our sample primarily includes individuals aged 50 or over.

Most of the previous evidence about the effect of smoking on health insurance originated from Australia (Barrett and Conlon [@CR1]; Doiron et al. [@CR7]; Hopkins and Kidd [@CR10]). They are mostly correlational studies about the effect of smoking on the demand for private health insurance to see if it is in accordance with adverse selection effect. However, they show that smokers are less likely to buy insurance, which is contrary to the theoretical expectations based on adverse selection. Those findings have been explained by authors through heterogeneity in risk aversion (Doiron et al. [@CR7]). In other words, they explain that the decisions to buy private health insurance and to smoke are jointly determined by risk aversion. Alternatively, it may also be explained by myopic behaviour of smokers (Becker et al. [@CR2]). Similar to previous studies, we also find a negative impact of smoking on perceived health care cost coverage but only among those living without a partner. We contribute to previous results, first, by studying this effect among different countries with different institutional arrangements for perceived health care cost coverage. Second, a broader sense of health care cost coverage rather than just health insurance coverage is taken into account. As previously noted, health care cost coverage has three dimensions (i.e. breadth, scope, and depth). In fact, all those dimensions are simultaneously reflected in the variable we use, since it is a self-assessment of what individuals perceive as health care cost coverage for all health care services, either covered by basic or voluntary private insurance or uninsured services. Our third contribution is to identify a casual effect by using an IV strategy, which has not been done before in studies focused on this topic.

Adverse selection and European health care systems {#Sec15}
--------------------------------------------------

Adverse selection occurs when individuals have a choice whether or not to buy health insurance. With choice, a positive relationship between (health) risk and insurance coverage can be expected (Cutler and Zeckhauser [@CR6]). The same applies when we interpret the negative relationship between (health) risk (e.g. smoking) and insurance by heterogeneity in risk aversion between individuals. In this case, more risk-taking individuals (smokers) are also more likely to take more risk in their health insurance coverage and opt for less coverage. This argument holds even if we consider myopic behaviour for smokers. However, one might argue that the health care systems in most European countries are either based on a national health system or social health insurance which restricts the individual's freedom of choice in health insurance. As a result, adverse selection does not exist in a system with compulsory insurance. However, as is also apparent from our results, there is enough variation in perceived health care cost coverage among individuals in the countries in our study. Moreover, in many of those countries, there are also private or supplementary voluntary health insurance arrangements, in parallel or in addition to national health systems or social health insurance.

Accordingly, we expect to see more effect of smoking on perceived health care cost coverage in countries where there is more choice of health care cost coverage. For instance, in countries where consumers are allowed to choose from multiple insurers or where there is the larger proportion of population who have some kinds of private health insurance. However, our results show that the negative effect of smoking on health coverage is more evident in countries where there are fewer possibilities of choice. For instance, in case of Italy or Czech Republic we find a considerable negative effect of smoking on perceived health care cost coverage. In contrast, in Germany where there is more choice both for social health insurance and private health insurance, we do not see an effect of daily smoking on perceived health care cost coverage. As noted earlier, previous studies have tried to explain the counter-conventional relationship between smoking and health insurance by heterogeneity in risk aversion. However, our results show that the negative effect of smoking on health insurance coverage cannot fully be explained by risk aversion. Because, we see this effect also in countries where there are fewer possibilities to choose health care cost coverage. One plausible explanation instead of risk aversion can be more out-of-pocket expenditures among smokers in these countries. Further research should test if this is the case.

Self-assessed health and purchasing private health insurance {#Sec16}
------------------------------------------------------------

Previous studies have also found a positive correlation between self-assessed health and purchasing private health insurance in Australia (Doiron et al. [@CR7]). Those who assess themselves as healthier are more willing to purchase private health insurance. In contrast, we find a negative effect of self-assessed health on perceived health care cost coverage but only among those who live without a partner. Thus, among them, a better perceived health decreases the level of health cost coverage. Considering self-perceived health as a proxy for health risk corroborates the notion of adverse selection in the relationship between (health) risk and (health) insurance. Other studies (Doiron et al. [@CR7]) which find, in contrast, a positive relationship between self-assessed health and purchasing private health insurance, conclude that the correlation between self-assessed health status and purchasing private insurance is affected by other factors such as risk aversion, and socioeconomic factors which dominate the conventional adverse selection effect. However, if more objective measures of health status (i.e. the number of chronic diseases) are used, the results are consistent with the adverse selection effect. For instance, they find that those who have a chronic condition are more likely to purchase insurance and less likely to be in a good self-assessed health. These results are compatible with our findings using self-assessed health. Nevertheless, relating these findings to adverse selection should be done with caution for several reasons. First, the effect is only detected among those who live without a partner. This can be explained by heterogeneity in risk aversion between those who live with and without a partner. Second, as also mentioned in previous studies (Doiron et al. [@CR7]), self-assessed health status can be endogenous to the insurance which makes it difficult to infer causality. Regarding the specific country results, in some countries we see a deviation from the general pattern we just discussed. For instance, in the Netherlands, we find a negative effect of self-perceived health on perceived health care cost coverage only for women with a partner while in the Austria we see the same effect among men with a partner and in Italy, a positive effect is detected.

Our study differs in several respects from earlier studies. First, it finds no effect of smoking on perceived health care cost coverage. However, for a smaller part of our sample (those who live without a partner), it identifies a causal effect of smoking on health insurance coverage which corroborates the counter-conventional relationship found in the previous study but in the language of causality. It should be noted that the identification of causality is based on our IV model which has its limitations. It cannot be considered as strong as causality inferred from an experimental design. Second, it allows for a broader sense of health cost coverage to be studied rather than only health insurance coverage. In addition, it takes into account the variation in perceived health care cost coverage between countries and also between individuals within each country. Third, it uses a subjective measure of health care cost coverage that is what individuals perceive as health care cost coverage. In fact, this perception can express the amount of protection that individuals feel they have when facing risks. This subjective measure of health care cost coverage could be more informative about the adverse selection effect than just the probability of having health insurance, because most people intuitively include perceptions in their decision making process.

Limitations {#Sec17}
-----------

Although an IV strategy is a common approach to deal with the endogeneity problem and to infer causality, finding a valid instrument is challenging. Given the data at hand, all our efforts failed to find more than one valid instrument. As in most studies that use instrumental variables, we have to acknowledge that our instrument variables may have some weaknesses. Based on the existing evidence on peer effect and concordant health behaviour, we assume that smoking behaviour is affected by the health behaviour of other household members (either partner or others). At the same time, we assume that the health care cost coverage of one household member is independent of the smoking behaviour of other household members. However, one may argue that the smoking habit of the partner may influence the spouse health care cost coverage. We have tested the quality of our instrument both for relevance and validity. However, it should be noted that the extent of the causal interpretation of the results depends on the extent to which the validity of the instrument can be justified. In addition, our instrument (i.e. the other household member's smoking behaviour) is limited to the smoking behaviour of those household members who are eligible to be included in the SHARE. We do not have information about the smoking behaviour of those household members who were not eligible because of their age. For instance, if the children are still living with parents, it seems reasonable to assume that their smoking behaviour can affect their parents' smoking behaviour. But we do not have this information at hand. Nevertheless, the results of the first stage regression show that our instrument is highly relevant.

Conclusion {#Sec18}
==========

In this study, we have used, for the first time to our knowledge, an IV strategy to identify a causal effect between smoking and perceived health care cost coverage. Using data from 12 European countries, smoking is instrumented by an instrumental variable indicating whether or not there is any other daily smoker in the household, except the smokers themselves. For health care cost coverage, a self-assessment of health coverage is used which is based on the individuals' self-assessment of the extent of the health care cost coverage they have for different types of health services. For those who live with a partner (72% of the sample), we find no effect of smoking on perceived health care cost coverage. For those who live without a partner (a smaller part of our sample), there is a negative effect of smoking on perceived health care cost coverage. In addition, this negative effect is more evident in countries where there is less variation in perceived health care cost coverage.

Thus, our study, on the one hand, show that we find no statistically significant indication of adverse selection for most of the respondents. On the other hand, when there is a statistically significant indication, the same counter-conventional relationship between smoking and perceived health care cost coverage is found as in previous studies. It can be assumed that the negative effect of smoking on perceived health care cost coverage in those countries might be because of higher out-of-pocket expenditures that a smoker may incur. This assumption needs to be tested by further research. Given that we have only one instrument, testing the overidentifying restrictions is not possible. Although at the outset, we tried to add more instruments, all our effort failed to find more relevant and valid instruments. Further research can also apply the same strategy to different datasets, looking for more than one instrument variable to identify a causal effect between health care cost coverage and smoking.
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